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(54) Vertical cavity surface emitting laser for high power operation and method of fabrication 



(57) A VCSEL for high power operation and method 
of fabrication including a substrate (42), a heat dissipa- 
tion layer (54) disposed on the substrate element (42), 
a first mirror stack (26), an active region (21) lattice 
matched to the first mirror stack (26), and a second mir- 
ror stack (18) lattice matched to the active region (21 ). 
An electrical contact is coupled to a surface of the active 
region and an electrical contact is positioned on another 



surface of the active region. The VCSEL is fabricated 
initially as two wafer structures (10, 40) each including 
a heat dissipation layer (30, 44). The two wafer struc- 
tures (10, 40) are flip mounted and the two heat dissi- 
pation layers (30, 44) are fused together to form a single 
heat dissipation layer (54). The structure is then selec- 
tively etched to remove a substrate element (12) onto 
which the first wafer structure (10) was formed. 
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Description 

Field of the Invention 

This invention relates to vertical cavity surface emit- 
ting lasers and more specifically to vertical cavity sur- 
face emitting lasers lor high power operation. 

Background of the Invention 

Vertical cavity surface emitting lasers (VCSEL) in- 
clude a first distributed Bragg reflector (DBR), also re- 
ferred to as a mirror stack, formed on top of a substrate 
by semiconductor manufacturing techniques, an active 
region formed on top of the first mirror stack, and a sec- 
ond mirror stack formed on top of the active region. The 
VCSEL is driven by current forced through the active 
region, typically achieved by providing a first contact on 
the reverse side of the substrate and a second contact 
on top of the second mirror stack. 

The use of mirror stacks in VCSELs is well estab- 
lished in the art. Typically, mirror stacks are formed of 
multiple pairs of layers often referred to as mirror pairs. 
The pairs of layers are formed of a material system gen- 
erally consisting of two materials having different indices 
of refraction and being easily lattice matched to the other 
portions of the VCSEL. For example, a GaAs based VC- 
SEL typically uses an AI^Ga^AsXAI^Ga^As mate- 
rial system wherein the different refractive index of each 
layer of a pair is achieved by altering the aluminum con- 
tent x1 and x2 in the layers. In conventional devices, the 
number of mirror pairs per stack may range from 20-40 
pairs to achieve a high percentage of reflectivity, de- 
pending on the difference between the refractive indices 
of the layers. The large number of pairs increases the 
percentage of reflected light. 

In conventional VCSELs, conventional material 
systems perform adequately. However, new products 
are being developed, such as CD write devices and 
those utilizing infra-red data links, that require VCSELs 
to operate at a higher power, i.e. greater than 20 milli- 
watts. For example, in conventional 780 nm and 850 nm 
VCSELs, which utilize a GaAs substrate, the GaAs sub- 
strate is absorptive with a laser emission being toward 
the opposite direction, the top. Accordingly, heat is dis- 
sipated into the GaAs substrate. The GaAs substrate is 
not a good thermal 1 conductor and thereby causes the 
heat to accumulate near the active region. This in turn 
causes a temperature rise which saturates the laser out- 
put power. Therefore, it becomes difficult to generate 
high power from this type of VCSEL, especially at am- 
bient temperatures, i.e. 50-60°C. 

Thus, there is a need for developing a reliable, sta- 
ble and cost effective vertical cavity surface emitting la- 
ser (VCSEL) for use in high power operations, that in- 
cludes smaller thermal resistance through the integra- 
tion of a heat dissipator, thereby enabling the VCSEL to 
operate at high power. 



It would be highly advantageous, therefore, to rem- 
edy the foregoing and other deficiencies inherent in the 
prior art. Accordingly, it is an object of the present inven- 
tion to provide a new and improved VCSEL for use in 
$ high power operations. 

Another object of the invention is to provide a relia- 
ble high power VCSEL. 

And another object of the immediate invention is to 
provide for an efficient heat dissipator for use in a high 
power VCSEL. 

Still another object of the invention is to provide for 
a smaller degree of thermal resistance in a high power 
VCSEL 

Yet another object of the invention is to provide for 
a highly manufacturable high power VCSEL. 

Summary of the Invention 

Briefly, to achieve the desired objects of the instant 
invention in accordance with a preferred embodiment 
thereof, provided is a VCSEL for use in high power op- 
eration. The VCSEL generally includes a silicon sub- 
strate, a heat dissipation layer, a first stack of distributed 
Bragg reflectors, an active region, and a second stack 
of distributed Bragg reflectors. 

In a preferred embodiment the heat dissipation lay- 
er is composed of a gold germanium (AuGe) or a gold 
(Au) material to efficiently dissipate heat from the active 
region into the silicon substrate. 

Brief Description of the Drawings 

The foregoing and further and more specific objects 
and advantages of the instant invention will become 
readily apparent to those skilled in the art from the fol- 
lowing detailed description of a preferred embodiment 
thereof taken in conjunction with the drawings, in which: 

FIG. 1 is a sectional view of a first VCSEL wafer 
structure in accordance with the present invention; 
FIG. 2 is a sectional view of a second VCSEL wafer 
structure in accordance with the present invention; 
FIG. 3 is a complete VCSEL structure in accord- 
ance with the present invention; and 
FIG. 4 is a complete VCSEL structure in accord- 
ance with a further embodiment of the present in- 
vention. 

Detailed Description of the Drawings 

Turning now to the drawings in which like reference 
characters indicate corresponding elements throughout 
the several views, attention is first directed to FIG. 1 
which illustrates the fabrication of a first vertical cavity 
surface emitting laser (VCSEL) wafer structure gener- 
ally designated 10. Wafer structure 10 is formed on a 
substrate 12, which in this specific embodiment is gal- 
lium arsenide (GaAs). GaAs is preferably used to facil- 
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itate lattice matching of the components of wafer struc- 
ture 10 which emits infrared wavelength light, more par- 
ticularly 780nm or 850nm light, dependent upon the spe- 
cific material system used. Also, GaAs is utilized so as 
to facilitate epitaxial growth of subsequent multiple lay- 
ers that compose wafer structure 1 0. It should be under- 
stood that GaAs is only utilized as an example and other 
semiconductor materials may be employed as substrate 
12, such as silicon (Si), indium phosphide (InP), or the 
like. 

Typically, any suitable epitaxial deposition method, 
such as molecular beam epitaxy (MBE), metal organic 
chemical vapor deposition (MOCVD), or the like is used 
to make the required multiple layers for wafer structure 
10. These methods allow for the epitaxial deposition of 
material layers, such as aluminum gallium arsenide, alu- 
minum arsenide, indium aluminum gallium phosphide, 
gallium arsenide, and aluminum arsenide, or aluminum 
gallium phosphide, indium aluminum phosphide, and 
the like. It should be understood that epitaxial deposition 
is used extensively to produce the multitude of layers 
that comprise the complete VCSEL device of the 
present invention. 

Substrate 12 has an upper surface 13 on which a 
buffer layer 14 is disposed. Buffer layer 1 4 includes a p- 
doped gallium arsenide (GaAs) material. Next, an etch 
stop layer 16 is disposed on buffer layer 14. Etch stop 
layer 16 includes an aluminum gallium arsenide (Al- 
GaAs) material or an aluminum gallium phosphide (Al- 
_GaP) material. Buffer layer 14 and etch stop layer 16 
will aid in the removal of substrate 12 during the fabri- 
cation of the complete VCSEL for high power operation 
of the present invention. 

A first mirror stack 1 8 is disposed on etch stop layer 
16. An active region 21 is disposed on mirror stack 18. 
Active region 21 includes an active structure 22 sand- 
wiched between a first cladding region 23 adjacent first 
mirror stack 1 8 and a second cladding region 24. A sec- 
ond mirror stack 26 is disposed on second cladding re- 
gion 24. 

Referring now to distributed Bragg reflectors 18 and 
26, it should be understood that distributed Bragg reflec- 
tor 1 8 is deposited first with subsequent deposition de- 
fining cladding region 23 : active structure 22, cladding 
region 24, distributed Bragg reflector 26 and a heat dis- 
sipation layer 30. Generally, thicknesses of alternating 
layers 19, 20, 27, and 28 are typically set as portions of 
a wavelength of light (not shown) that the complete VC- 
SEL device is designed to emit. Thus, specific thick- 
nesses of the alternating layers 1 9, 20, 27 and 28 are a 
function of the designed wavelength at which the VC- 
SEL is to operate. Typically, the most common wave- 
length values used are one-quarter, one-half, three- 
quarters, full wavelength, or any multiples thereof. In a 
preferred embodiment of the present invention, one- 
quarter wavelength thicknesses are used. 

Generally, doping of the distributed Bragg reflectors 
18 and 26 is split with one of the distributed Bragg re- 



flectors being N-type and the other being P-type. Since 
doping levels are well known in the art, the doping levels 
will not be described herein other than to identify mate- 
rial either as undoped, P-typed doped such as with car- 

5 bon, zinc or the like, or N-typed doped such as with se- 
lenium, silicon, or the like. Briefly, distributed Bragg re- 
flector 1 Band a portion of cladding region 2 3 are P-typed 
doped, with a portion of cladding region 23, active struc- 
ture 22, and a portion of cladding region 24 being un- 

10 doped, and with a portion of cladding region 24, and dis- 
tributed Bragg reflector 26 being N-typed doped. 

In the present invention, distributed Bragg reflectors 
18 and 26 having alternating layers 19 and 20, 27 and 
28 are made of any suitable materials, such as alumi- 

15 num gallium arsenide (AIGaAs) with the aluminum per- 
centage ranging from 0 to 100% or materials forming a 
dielectric mirror stack. More specifically, a VCSEL struc- 
ture designed to emit at 780nm will include alternating 
layers 19, 20, 27, and 28 of Al 2 sGa 75 AS/ 

20 Al 95 Ga 05 As or Al 25 Ga 75 As/AIAs. A VCSEL struc- 
ture designed to emit at 850 nm will include alternating 
layers 1 9, 20, 27 and 28 of Al 15 Ga . 85 As/AI 85 Ga 15 As. 
Irrespective of the material system utilized, layers 19 
and 20 are epitaxially disposed or deposited on or over- 

25 laying etch stop layer 16 and layers 27 and 28 are epi- 
taxially disposed or deposited on or overlaying cladding , 
region 24, thereby generating distributed Bragg reflec- 
tors 18 and 26. It should be understood that while Al- 
GaAs/AIAs DBR structures are utilized in the preferred 

30 embodiment, alternative DBR structures utilizing mate- 
rials such as indium aluminum gallium phosphide and 
aluminum arsenide (e.g., In 49 Al x Ga 51 - x P/AIAs), and 
indium aluminum gallium phosphide and indium alumi- 
num phosphide (e.g., ln49Al x Ga 51 - x P/ln 49 AI 5 P) are 

35 anticipated by this disclosure. Additionally, it should be 
understood that in each of the above examples and 
throughout this disclosure where a percent composition 
of a particular element is given it should be considered 
only as an example. It should be further understood that 

40 variations from these examples can be large and are to 
be considered part of the present invention. 

Mirror stack 1 8 and 26 are formed by depositing 
pairs of alternating layers using some convenient tech- 
nique such as molecular beam epitaxy (MBE) or sput- 

45 tering. In order to crystal lattice match mirror stack 18 
to substrate 12 a suitable semiconductor material sys- 
tem must be deposited. Approximately 20-40 mirror 
pairs of this material system are deposited on etch stop 
layer 16 depending on the difference between the re- 

50 fractive indices of the layers. As will be explained pres- 
ently, doping the mirror stacks is not necessary since 
electrical contacts to the active region can be made lat- 

x erally. 

For the sake of simplicity and to prevent overcrowd- 
55 jng of the figure, cladding region 23 is shown as a single 
layer; however, it should be understood that cladding re- 
gion 23 is made of at least two components that are epi- 
taxially disposed or deposited on distributed Bragg re- 
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flector 1 8. First, a layer of any suitable material such as 
aluminum gallium arsenide (AIGaAs) having an appro- 
priate thickness and being doped similarly to distributed 
Bragg reflector 18 is epitaxially deposited on distributed 
Bragg reflector 1 8. 

By way of example, an n-doped aluminum gallium 
arsenide layer (Al ^Ga ^As) is epitaxially deposited on 
distributed Bragg reflector 18. Generally, the AIGaAs 
layer has a thickness that is determined by the wave- 
length of light that is to be emitted from the VCSEL struc- 
ture, thereby allowing the thickness of the AIGaAs layer 
to be any suitable thickness. Second, a layer of any suit- 
able material having an appropriate thickness is epitax- 
ially deposited on the first layer of the cladding region 23. 

For the sake of simplicity, active structure 22 is rep- 
resented by a single layer which is epitaxially deposited 
or disposed on cladding region 23; however, it should 
be understood that the active structure 22 can include 
multiple layers of barrier regions with quantum well re- 
gions interspersed. By way of a simple example, active 
structure 22 is made of at least two barrier layers and a 
quantum well region with the quantum well region being 
positioned between the two barrier regions. In a pre- 
ferred embodiment, active structure 22 is made of four 
barrier regions and three quantum well regions with the 
quantum well region being positioned between the two 
barrier regions. In a VCSEL structure that emits at 780 
nm, the quantum well region(s) is made of undoped alu- 
minum gallium arsenide (Al 12 Ga i88 As) and the barrier 
regions are made of aluminum gallium arsenide 
(Al 30 Ga 70 As). In a VCSEL structure that emits at 
850nm, the quantum well region(s) is made of undoped 
gallium arsenide (GaAs) and the barrier regions are 
made of aluminum gallium arsenide (Al 30 Ga 70 As). Typ- 
ically, active structure 22 includes three to five quantum 
wells with their corresponding barrier regions. One 
skilled in the art will understand that more or fewer quan- 
tum well layers and barrier layers can be used depend- 
ing upon the application. Active region 21 and first and 
second mirror stacks 18 and 26 respectively are config- 
ured to emit light with a wavelength of approximately 
7B0nm or 850nm. 

For the sake of simplicity and to prevent overcrowd- 
ing of the figure, cladding region 24 is shown as a single 
layer; however, it should be understood that cladding re- 
gion 24 is made of two components that are disposed 
or deposited epitaxially on active structure 22. First, a 
layer of any suitable undoped cladding material is epi- 
taxially deposited to an appropriate thickness on active 
structure 22. Second, a layer of any suitable doped clad- 
ding material is epitaxially deposed on the undoped 
cladding material. 

By way of example, an undoped aluminum gallium 
arsenide (Al ^Ga 40 As) layer is epitaxially deposited on 
active structure 22. Generally, the undoped AIGaAs has 
a thickness that is determined by the wavelength of light 
that is to be emitted from the VCSEL device, thereby 
allowing the thickness of the AIGaAs layer to be any suit- 



able thickness. Subsequently, a doped layer is epitaxi- 
ally deposited on the undoped layer. The doped layer is 
generally doped with a n-type dopant. 

A heat dissipation layer 30 is formed by disposing 

5 layers of any suitable material on distributed Bragg re- 
flector 26, such as nickel (Ni), gold germanium (AuGe), 
gold (Au), chromium (Cr), zinc gold (ZnAu), titanium 
tungsten (TiW), titanium gold (TiAu), or the like. It should 
be understood that depending upon which material se- 

10 lection is made the specific method of disposing and pat- 
terning of that specific material will change to form heat 
dissipation layer 30. In addition, material selection is de- 
pendent upon the doping of top DBR 26 of wafer struc- 
ture 1 0. For example, when top DBR 26 is n-type doped, 

*5 heat dissipation layer 30 includes layers of nickel (Ni), 
gold germanium (AuGe), and gold (Au). When top DBR 
26 is p-type doped, heat dissipation layer 30 includes 
layers of chromium (Cr), zinc gold (ZnAu), and gold (Au), 
or titanium tungsten (TiW) and gold (Au), or titanium 

20 gold (TiAu) and gold (Au). With the inclusion of an alloy, 
heat dissipation layer 30 further serves as an electrical 
contact for the completed VCSEL device. 

Referring now to FIG. 2, a second wafer structure 
40 is fabricated as a part of the VCSEL device of the 

25 present invention. Second wafer structure 40 includes 
a substrate 42. Substrate 42 in this example is made of 
any suitable material, such as silicon (Si), silicon carbide 
(SiC ), or the like. Next, a heat dissipation layer 44 is 
epitaxially deposited on an upper surface 43 of sub- 

30 strate 42. Heat dissipation layer 44 is formed by dispos- 
ing any suitable material on distributed Bragg reflector 
26, such as gold (Au), or the like. It should be understood 
that depending upon which material selection is made 
the specific method of disposing and patterning of that 

35 specific material will change to form heat dissipation lay- 
er 30. 

Referring now to FIG. 3, illustrated in simplified sec- 
tional view is a complete VCSEL device according to the 
present invention. I llustrated is VCSEL 50 fabricated ac- 

40 cording to the disclosed method of the present inven- 
tion. During fabrication, wafer structure 10 of FIG. 1 is 
metal to metal wafer fused with wafer structure 40 of 
FIG. 2. More particularly, wafer structure 10 is flip 
mounted onto wafer structure 40 to allow for the fusing 

45 of heat dissipation layer 30 of FIG. 1 and heat dissipation 
layer 44 of FIG. 2. Once fused, the two separately 
formed heat dissipation layers become one heat dissi- 
pation layer 54 positioned adjacent substrate 42. 

Next, the gallium arsenide substrate 12 is removed 

50 by chemical etching. Buffer layer 1 4 and etch stop layer 
16 are also removed during this process. Accordingly, a 
standard VCSEL epi structure is left remaining that in- 
cludes heat dissipation layer 54 for high power opera- 
tion. 

55 To complete VCSEL 50, an electrical contact (not 
shown) is coupled to a surface of active region 21. A 
second electrical contact (not shown) is coupled to heat 
dissipation layer 54. Light 52 is emitted from VCSEL 50 
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in a direction opposite substrate 42. Various changes 
and modifications to the embodiments herein chosen for 
purposes of illustration will readily occur to those skilled 
in the art. For example, it should be understood that v*C- 
SEL structure symmetry exists for both the p and n do- 
pants as well as electrically inverted structure designs 
as illustrated in FIG. 4. It should be noted that in FIG. 4 
all components similar to the components illustrated in 
FIG. 3, are designated with similar numbers, having a 
prime added to indicate the different embodiment. To the 
extent that such modifications and variations do not de- 
part from the spirit of the invention, they are intended to 
be included within the scope thereof which is assessed 
only by a fair interpretation of the following claims. 

The various steps of the method disclosed have 
been performed in a specific order for purposes of ex- 
planation, however, it should be understood that various 
steps of the disclosed method may be interchanged 
and/or combined with other steps in specific applica- 
tions and it is fully intended that all such changes in the 
disclosed methods come within the scope of the claims. 

While we have shown and described specific em- 
bodiments of the present invention, further modifica- 
tions and improvement will occur to those skilled in the 
art. We desire it to be understood, therefore, that this 
invention is not limited to the particular forms shown and 
we intend in the appended claims to cover all modifica- 
tions that do not depart from the spirit and scope of this 
invention. 



Claims 

1. A vertical cavity surface emitting laser character- 
ized by: 

a substrate (42) having a surface; 

a heat dissipation layer (30, 44, 54) disposed 

on the surface of the substrate; 

a first mirror stack (26) disposed on the heat 

dissipation layer (30, 44, 54); 

an active region (21 ) disposed on the first mirror 

stack (26); and 

a second mirror stack (18) disposed on the ac- 
tive region (21). 

2. A vertical cavity surface emitting laser as claimed 
in claim 1 further characterized in that the laser is 
configured for high power operation of greater than 
20 milliwatts. 

3. A vertical cavity surface emitting laser as claimed 
in claim 1 further characterized in that the active re- 
gion (21 ) and the first and the second mirror stacks 
(26, 18) are configured to emit light with a wave- 
length of approximately 780nm. 

4. A vertical cavity surface emitting laser as claimed 



8 

in claim 1 further characterized in that the active re- 
gion (21 ) and the first and the second mirror stacks 
(26, 18) are configured to emit light with a wave- 
length of approximately 850nm. 

£ 

5. A vertical cavity surface emitting laser as claimed 
in claim 1 further characterized in that the substrate 
(42) is a silicon carbide (SiC ) material. 

10 6. A vertical cavity surface emitting laser as claimed 
in claim 1 further characterized in that the heat dis- 
sipation layer (30, 44, 54) includes two separate 
heat dissipation layers (30, 44), fused together dur- 
ing the fabrication process of the vertical cavity sur- 
fs face emitting laser, thereby forming a single heat 
dissipation layer (54). 

7. A vertical cavity surface emitting laser as claimed 
in claim 7 further characterized in that the heat dis- 

20 sipation layer (30, 44, 54) includes layers of one of 
a chromium material, a zinc gold (ZnAu) material 
and a gold (Au) material, a titanium tungsten (TiW) 
material and a gold (Au) material and a titanium gold 
(TiAu) material, a gold (Au) material, and combina- 

25 tions thereof. 

8. A vertical cavity surface emitting laser as claimed 
in claim 1 further characterized in that the first mirror 
stack (26) and the second mirror stack (18) each 

30 include a plurality of pairs (1 9/20, 27/28) of alternat- 
ing layers of an AI^Ga^ AS/AI^Ga^^AS materi- 
al system. 

9. A vertical cavity surface emitting laser as claimed 
35 in claim 1 further characterized in that the first mirror 

stack (26) includes a plurality of pairs (27/28) of al- 
ternating layers of a Al x1 Ga.,. x1 As/AI^Ga^As ma- 
terial and the second rnirror stack (18) includes a 
plurality of pairs (19/20) of alternating layers of a 
40 dielectric material. 

10. A method of fabricating a vertical cavity surface 
emitting laser characterized by the steps of: 

45 providing a first wafer structure (10) including a 

substrate (12) having a surface (13), a buffer 
layer (1 4) disposed on the surface (13), an etch 
stop layer (16) disposed on the buffer layer 
(14), a mirror stack (18) disposed on the etch 

50 stop layer (16), an active region (21) disposed 

on the mirror stack (18), an additional mirror 
stack (26) disposed on the active region (21) 
and a heat dissipation layer (30) disposed on 
the additional mirror stack (26); 

55 providing a second wafer structure (40) includ- 

ing a substrate (42) having a surface and a heat 
dissipation layer (44) disposed on the surface 
of the substrate (42); 
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flip mounting the first wafer structure (10) to the 
second wafer structure (40), fusing the heat dis- 
sipation layer (30) of the first wafer structure 
(1 0) to the heat dissipation layer (44) of the sec- 
ond wafer structure (40); removing the sub- 5 
strate (12), the buffer layer (14) and the etch 
stop layer (16) from the first wafer structure 
(10); and 

forming a first and a second electrical contact 
in electrical cooperation with the active region. io 
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tion layer (54) disposed on the substrate element (42), 
a first mirror stack (26), an active region (21) lattice 
matched to the first mirror stack (26), and a second mir- 
ror stack (18) lattice matched to the active region (21). 
An electrical contact is coupled to a surface of the active 
region and an electrical contact is positioned on another 



surface of the active region. The VCSEL is fabricated 
initially as two wafer structures (10, 40) each including 
a heat dissipation layer (30, 44). The two wafer struc- 
tures (10, 40) are flip mounted and the two heat dissi- 
pation layers (30, 44) are fused together to form a single 
heat dissipation layer (54). The structure is then selec- 
tively etched to remove a substrate element (12) onto 
which the first wafer structure (10) was formed. 
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